Background Exercise protocols applied during hospitalization can prevent functional and cognitive decline in older adults. The purpose of this study was to examine the individual response of acutely hospitalized patients to usual care and to physical exercise on functional capacity, muscle strength, and cognitive function and to assess the relationship with mortality at 1 year post-discharge. Methods In a single-blind randomized clinical trial, 370 hospitalized patients [56.5% women; mean age (standard deviation) 87.3 (4.9) years] were allocated to an exercise intervention group (IG, n = 185) or a control group (CG, n = 185). The participants were older adults aged 75 years or older in an acute care unit in a tertiary public hospital in Navarra, Spain. The usual care group received habitual hospital care, which included physical rehabilitation when needed. The in-hospital intervention included individualized multicomponent exercise training programme performed during 5-7 consecutive days (two sessions/day). Functional capacity was assessed with the Short Physical Performance Battery (SPPB) test and the Gait Velocity Test (GVT). Handgrip strength and cognitive function were also measured at admission and discharge. Patients in both groups were categorized as responders (Rs), non-responders (NRs), and adverse responders (ARs) based on the individual response to each treatment during hospitalization. Results The prevalence of Rs was higher and the prevalence of NRs and ARs was lower in the intervention group than in the control group for functional capacity (SPPB IG: Rs 85.3%, NRs 8.7%, ARs 6.0% vs. CG: Rs 37.9%, NRs 28.8%, ARs 33.3% and GVT IG: Rs 51.2%, NRs 47.3, ARs 1.6% vs. CG: Rs 18.0%, NRs 67.7%, ARs 14.3%), muscle strength (IG: Rs 62.3%, NRs 26.5%, ARs 11.3% vs. CG: Rs 20.0%, NRs 38.0%, ARs 42.0%), and cognition (IG: Rs 41.5%, NRs 57.1%, ARs 1.4% vs. CG: Rs 13.8%, NRs 76.6%, ARs 9.7%) (all P < 0.001). The ARs for the GVT in the control group and the ARs for the SPPB in the intervention group had a significantly higher rate of mortality than the NRs and Rs in the equivalent groups (0.01 and 0.03, respectively) at followup. Conclusions Older patients performing an individualized exercise intervention presented higher prevalence of Rs and a lower prevalence of NRs and ARs for functional capacity, muscle strength, and cognitive function than those who were treated with usual care during acute hospitalization. An adverse response on functional capacity in older patients to physical exercise or usual care during hospitalization was associated with mortality at 1 year post-discharge.
Introduction
Adequate hospital care for older adults (≥75 years) with acute medical disorders is an important clinical issue in our aging societies. [1] [2] [3] [4] In this context, acute illness requiring hospitalization is a sentinel event in older adults, which can lead to functional decline and frequently, long-term disability. [5] [6] [7] Loss of functional capacity is strongly associated with caregiver burden, higher resource use, institutionalization, and death. [8] [9] [10] [11] Accordingly, this is a challenge that health care professionals and policy makers should prioritize given the expectations of further growth of the elderly population. 12 Health care systems remain poorly adapted to meet the needs of older patients with frailty, disability, multimorbidity, and polypharmacy, 13 and low in-hospital mobility is directly related to functional impairment at discharge and even more so at follow-up. 14, 15 However, a recent randomized clinical trial (RCT) showed no significant benefit of an in-hospital mobility programme and a behavioural strategy to encourage mobility in older patients' ability to perform activities of daily living after acute hospitalization. 16 In this context, tailored exercise interventions can play a key role in preventing functional decline and cognitive impairment in acutely hospitalized patients of advanced age (including octogenarians and nonagenarians). 12, 17 Despite the frequent reports of 'average' exercise-related benefits, there is, nevertheless, a wide inter-individual variability in the response to exercise training. 18 Under the same exercise conditions, some subjects, termed responders (Rs), achieve benefits after intervention, whereas others, termed non-responders (NRs; unchanged response) and adverse responders (ARs; worsened response), do not. 19, 20 To the best of our knowledge, the inter-individual analysis of exercise training effects has not been previously investigated in acutely hospitalized older adults. In addition, it remains unclear if the response influences in mortality following discharge.
The main aim of the present study was to assess the prevalence of these categories (as indicated by functional, strength, and cognitive variables) under usual care or an individualized multicomponent exercise intervention applied in an Acute Care of the Elderly (ACE) unit. We also sought to examine the relationship between the aforementioned categories of each group with mortality at 1 year post-discharge and the relevance of functional status at admission in the prognosis during hospitalization in acutely hospitalized older adults.
Methods

Design
The study is a secondary analysis of an RCT (NCT02300896) 12;17 conducted in the ACE unit of the Department of Geriatrics in a tertiary public hospital (Complejo Hospitalario de Navarra, Spain). This department has 35 allocated beds, and its staff is composed of eight geriatricians (distributed in the ACE unit, orthogeriatrics, and outpatient consultations). Admissions in the ACE unit derive mainly from the Accident and Emergency Department, with heart failure, pulmonary, and infectious diseases being the main causes of admissions.
Acutely hospitalized patients who met inclusion criteria were randomly assigned to the intervention or control (usual care) group within the first 48 h of admission. Usual care was offered to patient by the geriatricians and consists of standard physiotherapy focused on walking exercises for restoring the functionality conditioned by potentially reversible pathologies. A formal exercise prescription was not provided at study entry, and patients were instructed to continue with the current activity practices through the duration of the study. The study followed the principles of the Declaration of Helsinki and was approved by the institutional Clinical Research Ethics Committee. All patients or their legal representatives provided written consent.
Participants and randomization
A trained research assistant conducted a screening interview to determine whether potentially eligible patients met the following inclusion criteria: age ≥ 75 years, Barthel Index score ≥ 60 points, able to ambulate (with/without assistance), and able to communicate and collaborate with the research team. Exclusion criteria included expected length of stay <6 days, very severe cognitive decline (i.e. Global Deterioration Scale score = 7), terminal illness, uncontrolled arrhythmias, acute pulmonary embolism and myocardial infarction, or extremity bone fracture in the past 3 months.
After the baseline assessment was performed, participants were randomly assigned following a 1:1 ratio, without restrictions (www.randomizer.org). Assessment staffs were blinded to the main study design and group allocation. Participants were explicitly informed and reminded not to discuss their randomization assignment with the assessment staff.
Intervention
The usual care group received habitual hospital care, which included physical rehabilitation when needed. For the intervention group, exercise training was programmed in two daily sessions (morning and evening) of 20 min duration over 5-7 consecutive days (including weekends) supervised by a qualified fitness specialist. Adherence to the exercise intervention programme was documented in a daily register. A session was considered completed when ≥90% of the programmed exercises were successfully performed. Each session was performed in a room equipped ad hoc in the ACE unit. Exercises were adapted from the 'Vivifrail' multicomponent physical exercise programme to prevent weakness and falls. 21 Morning sessions included individualized supervised progressive resistance, balance, and walking training exercises. The resistance exercises were tailored to the individual's functional capacity using variable resistance training machines (Matrix, Johnson Health Tech, Ibérica, S. L., Torrejón de Ardoz, Spain, and Exercycle S.L., BHGroup, Vitoria, Spain) aiming at two to three sets of eight to 10 repetitions with a load equivalent to 30-60% of the estimated one-repetition maximum (1RM). Participants performed three exercises involving mainly lower limb muscles (squats rising from a chair, leg press, and bilateral knee extension) and one involving the upper body musculature (seated bench 'chest' press). They were instructed to perform the exercises at a high speed to optimize muscle power output, and care was taken to ensure proper exercise execution. Balance and gait retraining exercises gradually progressed in difficulty and included the following: semi-tandem foot standing, line walking, stepping practice, walking with small obstacles, proprioceptive exercises on unstable surfaces (foam pads sequence), altering the base of support, and weight transfer from one leg to the other. The evening session consisted of functional unsupervised exercises using light-loads (0.5-1 kg anklets and handgrip ball), such as knee extension/flexion, hip abduction, and daily walking in the corridor of the ACE unit with a duration based on the clinical physical exercise guide 'Vivifrail'. 21 When the clinician in charge of the patient considered that the haemodynamic situation was acceptable and the patient could collaborate, the following endpoints were assessed, and the intervention was started. Endpoints were also assessed on the day of discharge.
Measures and endpoints
Measures of functional performance The Short Physical Performance Battery (SPPB) and 6 m Gait Velocity Test (GVT) were used to assess functional capacity. The SPPB includes usual walking speed over 4 m, a balance test, and the Five Times Sit to Stand Test, with the sum of the three individual categorical scores yielding the final SPPB score [range points: 0 (worst) to 12 (best)]. 22 For the GVT, the participants were instructed to walk at their self-selected usual pace on a smooth, horizontal walkway.
Handgrip strength Isometric handgrip strength was measured in the dominant hand with a handheld dynamometer (T.K.K. 5401 Grip-D, Japan). Patients were placed in a sitting position in a chair, with an elbow complete extension, and were asked to squeeze the handle as forcefully as possible for 3 s. After this, two valid trials followed, and the highest value was used as the data point. 
Cognitive function
Classification of responders, non-responders, and adverse responders
The inter-individual variability of the patients in the response to usual care in the control group and exercise training in the intervention group was used to categorize them as Rs, NRs, or ARs using the clinical meaningful change of each variable: 1 point for the SPPB test, 24 1 kg for the handgrip test, 25 0.1 m/s for the GVT, 26 and 3 points for the MMSE test. 27 Considering the SPPB, a similar categorization was performed in the main analysis of the RCT. 12 Patients were categorized as Rs for an endpoint if there was an improvement equal or higher than the clinical meaningful change at discharge compared with the admission score; patients were considered NRs if they obtained an improved/worsened score at discharge less than the meaningful clinical value; and ARs were those older adults who scored a worse punctuation equal or higher than the clinical meaningful change at discharge in comparison with the admission value.
Statistical analysis
Standard statistical methods were used to calculate the mean and standard deviation. Statistical normality was tested using both statistical (Kolmogorov-Smirnov test) and graphical (normal probability plots) procedures. We used Student's ttest or the Mann-Whitney U-test and χ 2 or Fisher's test to analyse significant differences between the intervention and control groups for continuous and categorical variables at baseline, respectively. The χ 2 test was used for assessing differences in the prevalence of Rs, NRs, and ARs in each endpoint between groups. Differences in mortality at 1 year post-discharge between categories in each group were also assessed using the χ 2 test. One-way analysis of variance was used to test differences in functional endpoints (SPPB and GVT) at baseline between categories in the control and intervention groups. The Bonferroni post hoc test was applied to establish differences between categories in each group. Data were analysed using SPSS-IBM (Software, v.21.0 SPSS Inc., Chicago, IL, USA), and a P value <0.05 was considered statistically significant. 
Results
The study flow diagram is shown in Figure 1 . No significant differences were found between groups at baseline for demographic and clinical characteristics for study endpoints (Table 1). A total of 370 patients were included in the analysis (209 women, 56.5%) with a mean age 87.3 (4.9) years (range 75-101 years), and 130 patients (35.1%) were nonagenarians. The median length of hospital stay was 8 days in both groups (interquartile range, 4). The mean number of intervention days for each patient was 5.3 ± 0.5 days, and most training days were consecutive (97%). The number of completed morning and evening sessions per patient averaged 5 ± 1 and 4 ± 1, respectively. Mean adherence to the intervention was 97 ± 8% for the morning sessions (i.e. 806 successfully completed sessions of 841 total possible sessions) and 85 ± 30% in the evening sessions (574 of 688). No adverse effects or falls associated with the prescribed exercises were recorded, and no patient had to interrupt the intervention or had their hospital stay modified because of it. The mortality rate at 1 year post-discharge was 20.3% (42 patients in the control group and 33 patients in the intervention group).
The results of the prevalence of Rs, NRs, and ARs to usual care and individualized exercise training programme are shown in Figure 2 . Significant differences were found between groups in the prevalence of Rs, NRs, and ARs in all the endpoints examined (all P < 0.001). Considering the functional endpoints, 33.3% of acutely hospitalized older adults in the control group were ARs, 28.8% were NRs, and 37.9% were Rs for the SPPB in the control group, and 6.0% were ARs, 8.7% NRs, and 85.3% Rs in the intervention group. For the GVT, 14.3% were ARs, 67.7% NRs, and 18.0% Rs in the control group, and 1.6% were ARs, 47.3% NRs, and 51.2% Rs in the intervention group. Regarding the handgrip strength, 42.0% were ARs, 38.0% NRs, and 20.0% Rs in the control group, and 11.3% were ARs, 26.5% NRs, and 62.3% Rs in the intervention group. For the cognitive function test, 9.7% of the patients in the control group were ARs, 76.6% NRs, and 13.8% Rs, whereas 1.4% were ARs, 57.1% NRs, and 41.5% Rs in the exercise training group.
Functional, maximal strength, and cognitive changes of all the patients of both groups are shown in Figure 3 based on the response obtained for the functional endpoints (SPPB and GVT, see Figure 2 ).
The secondary analysis showed that patients with an adverse response on the functional endpoints was associated with mortality at 1 year post-discharge in both control and intervention groups ( Table 2 ). Significant differences were found between categories for the SPPB in the intervention group (0.01) and for the GVT in the control group (0.03).
We also observed significant differences between categories for the SPPB score at admission in the intervention group (ARs = 3.6 ± 1.2 points, NRs = 4.4 ± 3.4 points, Rs = 4.5 ± 2.5 points; 0.01) and for the GVT in the control group (ARs = 0.59 ± 0.2 m/s, NRs = 0.46 ± 0.2 m/s, Rs = 0.38 ± 0.2 m/s; P < 0.01).
Discussion
Our study shows that acutely hospitalized older adults performing an individualized exercise intervention presented a higher prevalence of Rs and a lower prevalence of NRs and ARs for functional capacity, muscle strength, and cognitive function compared with patients receiving usual care. An adverse response on functional capacity in older patients treated with physical exercise or usual care during hospitalization was associated with mortality at 1 year post-discharge. Moreover, the functional status presented at admission seems to play a key role in the trajectory of patients during hospital stay and even more so at follow-up. To the best of our knowledge, this is the first study to analyse the interindividual variability in response to physical exercise and usual care in this population.
Acute illness requiring hospitalization is often a crucial event for many older adults, 7 and functional decline is one of the negative short-term consequences of bed rest during hospitalization. 28 However, recent evidence has demonstrated that specific in-hospital exercises could provide significant benefits over usual care and could help to reverse the functional decline associated with acute hospitalization in older adults. 12 Although beneficial effects of exercise intervention on functional capacity are well established, frequent reports based of 'average' exercise-related changes do not represent the wide individual variability in response to exercise. 18 The present inter-individual analysis study may be a first step to a greater precision in each individual, in-hospital treatments. We found a higher prevalence of Rs in the exercise training group compared with usual care group for both functional endpoints. Thus, tailored multicomponent exercise training appears to be an effective therapy for improving functional capacity in acutely hospitalized older adults. In addition, we observed a higher prevalence of Rs and a lower prevalence of NRs and ARs for handgrip strength and cognitive function in the intervention group than in the control group. We believe that these findings are important because muscle mass and neuromuscular function tend to decrease during hospital stay in older adults, with muscle strength and mass strongly associated with disability, morbidity, and cardiometabolic disease-related mortality. 29 Moreover, prolonged bed rest increases the risk of developing cognitive impairment and dementia in older adults. 30 We also explored whether the response rate for functional capacity was accompanied by similar changes for muscle strength and cognition. Our findings indicate a considerable heterogeneity of response for handgrip strength and cognitive function after usual care or physical exercise. Therefore, response rate for functional capacity could not predict similar changes in other clinical characteristics, such as muscle strength and cognition.
Changes in functional status during hospitalization play an important role in the life trajectory of older adults after discharge. In agreement with previous studies, 8, 11 our findings show that functional decline (i.e. ARs for the GVT) during hospitalization is associated with a higher rate of mortality at 1 year post-discharge compared with NRs and Rs. In the intervention group, those patients who experienced loss of functional capacity after the exercise training programme (i.e. ARs for the SPPB) also showed a higher rate of mortality at follow-up in comparison with other categories. Our results Figure 2A ) and GVT response (see Figure 2b) is represented with green colour (responders), yellow colour (non-responders), and red colour (adverse responders support the importance of measuring functional status in hospitalized older patients, 11 a useful vital sign that should be assessed by hospital clinicians. 28 Finally, functional status at admission contains crucial information about prognosis of different interventions in acutely hospitalized older people. Our data suggest that those older adults with higher gait velocity at admission had worse response to usual care and, consequently, major vulnerability to iatrogenic nosocomial disability than those with less functional reserve at baseline. A greater window of worsening during hospitalization could be a possible explanation for the major functional decline. Our findings also showed differences in responses to exercise training based on the functional capacity presented at baseline. Older adults who experienced a worsened response in the intervention group had less functional reserve at admission (SPPB score < 4 points) compared with NRs and Rs. It means that patients at worst functional status at admission have a greater possibility to be an adverse responder to the exercise intervention. Taken together with the aforementioned association between adverse responsiveness to exercise and mortality, older adults with poor scores in the SPPB at admission are also at major risk of mortality after discharge.
Overall, our study is in line with the long trajectory of research supporting the relevance of patients' baseline function as a useful benchmark and goal for discharge and follow-up outcomes. 28 Our study has some limitations, including patients' difficulty in completing all the measurements at both hospital admission and discharge. Another possible limitation was that only old patients with relatively good functional capacity at pre-admission (i.e. Barthel Index score ≥ 60 points) were included in the study; thus, the results may not be generalizable to the entire hospitalized elderly population. Also, we did not collect functional data prior to the acute illness and functional decline in acutely hospitalized older people frequently occurs before admission. 28 Our study, nevertheless, has several strengths. An innovative exercise intervention of few days (i.e. 5 ± 1 and 4 ± 1 morning and evening sessions, respectively) was performed with older adults in acute settings. Also, patients with multiple co-morbidities and mild dementia/cognitive impairment were included in the study (routinely excluded from exercise studies). The prevalence of Rs was higher for functional capacity, muscle strength, and cognitive function in the exercise training group compared with the usual care group, indicating that the physical exercise programme was effective to reverse functional decline and cognitive impairment associated with hospitalization in older adults. Both functional capacity endpoints (SPPB and GVT) measured in the study for monitoring functional trajectory of patients were associated with mortality at 1 year post-discharge. Finally, we identified clinical differences between categories at admission in both exercise and usual care groups.
Conclusions
Older patients performing an individualized exercise intervention showed a higher prevalence of Rs and a lower prevalence of NRs and ARs for functional capacity, muscle strength, and cognitive function than those who were treated with usual care during acute hospitalization. An adverse response on functional capacity in older medical patients to physical exercise or usual care during hospitalization was associated with mortality at 1 year post-discharge. Moreover, the functional status presented at admission seems to be a cornerstone in the trajectory of patients during hospital stay and even more so at follow-up. These findings support the need for a shift from the traditional disease-focused approach in hospital ACE to one that recognizes functional status as a clinical vital sign.
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